Electronic Version 
Stylesheet Version vl.1.1 

Description 

NON-CONTACT FLUID PARTICLE 
CLEANER AND METHOD 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates generally to fluid jet particle 
cleaners. More particularly, the present invention relates 
to a non-contact fluid jet particle cleaner and method that 
shape fluid vortices to more efficiently remove particles. 

[0003] Related Art 

[0004] Fluid jet particle cleaners are commonly used to remove 
minute particles from products in a wide variety of indus- 
tries. One illustrative industry in which these cleaners find 
application is the semiconductor industry. In this industry, 
yields and mask life in a manufacturing line are very sen- 
sitive to the presence of small particles that are less than 
5 mils in diameter on the product surface. Fluid jet parti- 
cle cleaners provide a low cost solution to clean the sur- 



face of a product. 
[0005] FIG. 1 illustrates a conventional fluid jet particle cleaner 
10 that propels a fluid 12 such as air onto a surface 14 of 
a product 16 to release particles therefrom, and then vac- 
uums 18 the airstream to remove the particles. While 
many particles in a given diameter range are removed by 
cleaner 10, some of the particles escape vacuum 18 flow 
and fall back onto surface 14 at a different place than 
where they were originally. FIG. 2 illustrates streamlines 
for the simulated section indicated in FIG. 1. The stream- 
lines indicate the path a very small particle with low iner- 
tia may follow if suspended in fluid 12. The closer the 
streamlines are to one another, the stronger the vortex. 
As shown in FIG. 2, escaping particles dislodged form sur- 
face 14 by fluid 12 are able to bypass vacuum 18 flow be- 
cause they are accelerated quickly to high speeds with a 
large horizontal velocity component by a single air vortex 
20 created by the strong fluid jet 12. The elongated bot- 
tom of air vortex 20 that contacts surface 14 illustrates 
this phenomenon. Unfortunately, one or just a few of such 
escaping particles can have a direct impact on yield and 
screening process performance in the semiconductor in- 
dustry. 



[0006] Another approach implements full contact equipment 

such as tacky rollers to collect particles. However, this ap- 
proach is not always applicable to all situations and adds 
processing cost, product handling steps, and sometimes 
transfers chemicals to the surface being cleaned. 

[0007] | n V j ew 0 f the foregoing, there is a need in the art for a 
non-contacting particle cleaner that addresses the prob- 
lems of the related art. 
Summary of Invention 

[0008] The invention includes a non-contact fluid particle cleaner 
and method that provides a partition to a side of a fluid 
nozzle to form: a central cavity configured to define the 
fluid departing the surface into a central cavity vortex; 
and a side cavity adjacent the central cavity to define fluid 
escaping from the central cavity into a side vortex. The 
vortices interact in a counter-rotating and stationary fash- 
ion. The strong and smaller central vortex creates an up- 
ward air velocity field that forces any airborne particle to 
move away from the surface. The side vortex is designed 
to: connect the central vortex velocity field to a vacuum 
flow and allow airborne particles to remain suspended un- 
til they reach the vacuum flow; and create a decelerating 
field for high speed particles traveling parallel 



(horizontally) to the surface to increase the residence time 
in the central vortex. 

[0009] a first aspect of the invention is directed to a cleaner for 
removing particles from a surface by propelling a fluid 
onto the surface, the cleaner comprising: at least one par- 
tition adjacent a fluid nozzle, each partition defining: a 
central cavity configured to define the fluid departing the 
surface into a first vortex; and a side cavity adjacent the 
central cavity configured to define fluid escaping from the 
central cavity into a second vortex. 

[0010] a second aspect of the invention is directed to a cleaner 
for removing particles from a surface by propelling a fluid 
against the surface, the cleaner comprising: means for 
delivering a fluid under pressure to an area on the sur- 
face; means for forming fluid departing the surface into at 
least one first vortex adjacent the area and in contact with 
the surface, and at least one second vortex adjacent each 
first vortex and in contact with the surface; and means for 
evacuating particles by removing a part of the second vor- 
tex. 

[001 1] a third aspect of the invention is directed to a method for 
removing particles from a surface by propelling a fluid 
against the surface, the method comprising the steps of: 



delivering a fluid under pressure to an area on the sur- 
face; forming fluid departing the surface into at least one 
first vortex adjacent the area and in contact with the sur- 
face, and at least one second vortex adjacent each first 
vortex and in contact with the surface; and removing par- 
ticles by removing at least part of the second vortex. 
[0012] The foregoing and other features of the invention will be 
apparent from the following more particular description of 

embodiments of the invention. 
Brief Description of Drawings 

[0013] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein: 

[0014] FIG. 1 shows a conventional fluid jet particle cleaner. 

[0015] FIG. 2 shows streamlines for a simulated section of FIG. 1. 
[0016] FIG. 3 shows a cleaner according to the invention. 

[0017] FIG. 4 shows a view of the cleaner of FIG. 3 as partitioned 
through a centerline and including fluid streamlines. 

[0018] FIG. 5 shows a view of the cleaner of FIG. 4 including geo- 
metric characteristics. 

[0019] FIG. 6 shows an exploded view of part of FIG. 5 including 
fluid streamlines. 



Detailed Description 

[0020] with reference to the accompanying drawings, FIG. 3 illus- 
trates a cleaner 90 for non-contacting removal of particles 
92 from a surface 94 by propelling a fluid 100 (via a fluid 
jet 102) onto a jet contact area 104 of surface 94 accord- 
ing to the invention. Cleaner 90 includes at least one par- 
tition 108 adjacent a fluid nozzle 110 that when cleaner 
90 is in close proximity to surface 94, defines cavities 
where fluid 100 can circulate in a predetermined flow pat- 
tern that is efficient to remove particles from surface 94. 
Cleaner 90 does not contact surface 94, and may be, for 
example, 10-40 mils away from surface 94. For purposes 
of clarity, the fluid upon with which the invention is de- 
scribed is air. It should be recognized, however, that the 
teachings of the invention are modifiable to apply to any 
fluid including, for example, gases and/or liquids. In one 
embodiment, cleaner 90 is constructed such that it ex- 
tends in a planar fashion, i.e., into and out of the page, 
such that fluid 100 contacts surface 94 as a planar shape. 

[0021] Fluid nozzle 110 propels the fluid substantially perpen- 
dicular onto surface 94 at a high pressure, which depends 
on the fluid, e.g., for air: 10-30 psi, and lower for a liquid. 
The primary job of fluid jet 102 is to dislodge particles 92 



from surface 94. Since the force transferred from the fluid 
velocity field to a particle 92 is proportional to the square 
of the local velocity around the particle, the point where 
the maximum force is applied to the particle is expected 

to be between 2 and 5 fluid nozzle diameters (d ) away 

j 

from fluid jet 102 centerline on surface 94, where fluid jet 
102 boundary layer thickness is the smallest. Once a par- 
ticle 92 is dislodged and airborne, it has an initially low 
forward velocity. As a particle 92 moves away from the 
initial point of separation from surface 94, the particle is 
accelerated away from fluid jet 102 centerline by a hori- 
zontal velocity field. 
[0022] FIG. 4 illustrates a view of cleaner 90 as partitioned 

through the centerline of fluid nozzle 110 and including 
fluid streamlines. Although cleaner 90 preferably includes 
two partitions 108, one to each side of fluid nozzle 110 as 
shown in FIG. 3, the cleaner can be constructed as shown 
in FIG. 4 with only one partition, if desired. As shown in 
FIGS. 3 and 4, each partition 108 defines a central cavity 
112 configured to define fluid 100 departing surface 94 
into a first or central vortex 120 (FIGS. 4 and 6 only), and 
a side cavity 122 adjacent to central cavity 112 configured 
to define fluid 126 escaping from central cavity 112 into a 



second or side vortex 124 (FIGS. 4 and 6 only), which in- 
teracts with central vortex 120. Each partition 108 and 
cavities 112, 122 are shaped to modulate the momentum 
exchange between fluid 100 circulating in central cavity 
112 and side cavity (ies) 122 to generate a pair of 
counter-rotating air vortices 120, 124 at each side of fluid 
jet 102. 

[0023] As shown best in FIGS. 3 and 4, each side cavity 122 is 
coupled to a vacuum 130 to evacuate or remove at least 
part of second vortex 124 to remove particles 92. It is 
preferable that a vacuum flow velocity V is greater than 
the terminal velocity V of a particle of interest with the 

dp 

largest diameter, i.e., V > V . Since cleaner 90 does 

vac dp 

not contact surface 94, some escaping fluid 126 (FIG. 4 
only) can escape to a surrounding area 132 of cleaner 90 
when fluid nozzle 110 delivery volume (Q.^) is greater 
than vacuum 130 volume (Q ). 

vac 

[0024] As noted above, each partition 108 forms the two inter- 
acting and counter-rotating stationary fluid vortices 120, 
124 of different size, i.e., diameter, and different energy 
in the same place where a conventional cleaner (FIGS. 1-2) 
provides only a single fluid vortex. That is, each partition 
108 forms fluid 100 departing surface 94 into at least one 



first vortex 120 adjacent to jet contact area 104 and in 
contact with surface 94, and at least one second vortex 
124 adjacent to each first vortex 120 and in contact with 
surface 94. The rotation of fluid in central cavity 112 is 
defined by the direction of fluid jet 102, as the jet ex- 
changes momentum with its surroundings, i.e., surface 94 
and cavity 112. In particular, central vortex 110 is rela- 
tively strong and small, and is formed adjacent fluid jet 
102, while side vortex 124 is weaker and is larger and is 
formed away from fluid jet 100. 

[0025] Details of cavities 112 and 122 and vortices 120 and 124 
will now be described relative to FIGS. 5 and 6. FIG. 5 
shows a number of cleaner 90 geometric characteristics 
and operational parameters. To begin with, in terms of 
geometric characteristics, each partition 108 is distanced 
from surface 94 by a partition distance hi, and fluid noz- 
zle 110 is distanced from surface 94 by a nozzle standoff 
distance hO. FIG. 6 shows details of fluid streamlines near 
each partition 108. In FIG. 6 (and FIG. 4), line density indi- 
cates vortex strength. 

[0026] As shown in FIG. 6, each central vortex 120 is configured 
to create a short upward air velocity field 140, which 
forces any airborne particle 92 to move away from surface 



94. In order to provide this function, central cavity 112 is 
made to promote the formation of central vortex 120 
(adjacent to the planar fluid jet 102) while minimizing the 
potential for vortex 120 to extend its circulation range 
outside central cavity 112. In this manner, each central 
vortex 120 provides an accelerating and lifting velocity 
field 140 to the dislodged and airborne particles 92. In 
contrast, standard devices only provide a horizontally ac- 
celerating velocity field (see FIG. 2). To accomplish this, 
regardless of fluid used, it is preferable that a Reynolds 
number (Re) based on a fluid velocity (V ) (FIG. 5) as a 

jet 

reference velocity and partition distance hi (FIG. 5) as a 
reference distance is preferably no less than 7,500 and no 
greater than 20,000, i.e., 7,500 < Re(V , hi) < 20,000. 

jet 

Above this range, each central vortex 120 has sufficient 
energy to extend its circulation range outside central cav- 
ity 112 and then fail to develop an adequate particle lift- 
ing velocity field. Below this range, the strength of central 
vortex 120 is too low to form an adequate strength side 
vortex 124. 

[0027] Each side vortex 124 is designed to provide two functions. 
First, as shown in FIG. 4, each side vortex 124 connects 
central vortex 120 field to vacuum flow 144 of vacuum 



130 and allows airborne particles 92 to remain suspended 
until they reach the vacuum flow 144. Second, as shown in 
FIG. 6, once fluid-borne particles 92 leave central cavity 
112 and enter side cavity 122, they have both a horizontal 
and a lifting vertical velocity component via accelerating 
and lifting velocity field 140. The former, if left 
unchecked, may lead to particles escaping from under 
cleaner 90. In order to address this problem, each side 
vortex 124 contacts surface 94 and creates a lifting and 
mildly decelerating field 146 for high speed particles 92 
that would normally be traveling parallel to surface 94. As 
a result, side vortex 124 increases the residence time of 
particles 92 in accelerating and lifting velocity field 140. 
This second function greatly reduces or eliminates the risk 
of a particle escaping capture. Lifting and mildly deceler- 
ating field 146 can be generated in side cavity 122 by 
controlling the momentum exchange between central vor- 
tex 120 and side cavity 122. This control is possible when 
central cavity 112 has a Reynolds number greater than 
7500. In addition, the shape of side cavity 122 near parti- 
tion 108 should meet certain geometric characteristics 
(described below) that depend on particular flow rate pa- 
rameters, particle diameter/type range of interest and 



fluid-specific dynamics. 

[0028] Referring to FIG. 5, illustrative geometric and operational 
characteristics of cleaner 90 for the illustrative embodi- 
ment using air as a fluid will now be described. For this il- 
lustrative embodiment, the following geometric character- 
istics have been found advantageous: 

[0029] a) Partition distance hi is preferably less than a distance 
LI from a centerline (CL) of fluid nozzle 102 to partition 
108, i.e., hi < LI. 

[0030] b) Nozzle standoff distance hO is preferably no less than 
1.2 times partition distance hi and no greater than twice 
partition distance hi. That is, 1.2hl < hO < 2.0hl. 

[0031] Q Distance LI from centerline (CL) of fluid nozzle 110 to 
each partition 108 is preferably greater than five times an 

inner diameter d of fluid nozzle 110, i.e., LI > 5.0d . 

j j 

[0032] d) a ratio of a lateral distance L2 of each side cavity 122 
between partition 108 and a vacuum entry 150 to parti- 
tion distance hi is preferably greater than 10, i.e., L2/hl 
> 10.0. 

[0033] e) Central cavity 112 forms an angle y with the horizontal 
at each partition 108 of greater than 0° and less than 65°, 
i.e., 0° < y< 65°. 

[0034] p) Each side cavity 122 forms an angle a with the horizon- 



tal at each partition 108 of no less than 20° and no 

greater than 90° , i.e., 20° < oc< 90°. 
[0035] c) Central cavity 112 forms an angle 3 relative to a vertical 

edge 152 of fluid nozzle 110 of no less than 80° and no 

greater than 135°, i.e., 80° < P< 135°. 
[0036] Furthermore, in addition to the above-described Reynold's 

number range, the following operational characteristic 

have been found advantageous: vacuum 130 volume Q 

vac 

is greater than 90% of fluid nozzle 110 delivery volume Q 
, i.e., Q > 0.9Q . 

jet vac jet 

[0037] | t should be understood that actual geometric characteris- 
tics will be particular to a specified fluid, particle size/type 
and desired flow parameters. Accordingly, the relative size 
of the device may vary and all sizes are considered within 
the scope of the invention. 

[0038] The invention also includes a method for removing parti- 
cles from a surface by propelling a fluid against the sur- 
face. The method includes: delivering a fluid 100 under 
pressure to an area 104 on surface 94; forming fluid de- 
parting surface 94 into at least one first vortex 120 adja- 
cent area 104 and in contact with surface 94, and at least 
one second vortex 124 adjacent each first vortex 120 and 
in contact with surface 94; and removing particles 92 by 



removing at least part of each second vortex 124. 

[0039] while the invention has been described with one partition 
108 to each side of fluid nozzle 110, to provide a bal- 
anced functioning of vortices, etc., it should be recog- 
nized that additional partition(s) 108 to generate further 
air vortices can be provided depending on desired flow 
rates, particle diameter/type range of interest and fluid- 
specific dynamics. In this case, however, an addition vac- 
uum for each new cavity may be necessary. In addition, 
while cleaner 110 has been shown placed above surface 
94, it should be recognized that placement below surface 
94, or above and below surface 94 is also possible. In 
practice, the process of removing particles 92 from sur- 
face 94 is more demanding in when cleaner 90 is above 
surface 94 because the dislodged particle to be removed 
must be lifted against the gravity field. Accordingly, the 
process efficiency will be directly dependent on particle 
size and density in addition to the velocity of the vortices. 
Where cleaner 90 is below surface 94, the gravity field 
helps remove the particle from the surface once a particle 
is dislodged from the surface, hence only the velocity of 
the vortices is important. 

[0040] while this invention has been described in conjunction 



with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 
[00 41 ] What is claimed is: 



